
[CANCER RESEARCH 58. 4439-4444, October I. 1998]

Inhibition of Tumor Cell Growth by RTP/rit42 and Its Responsiveness to p53 and
DNA Damage1

Siavash K. Kurdistan!, Paz Arizti, Corinne L. Reimer, Mary M. Sugrue, Stuart A. Aaronson, and Sam W. Lee2

Department of Medicine, Beth Israel Deaconess Medical Center, Harvard Medical School, Harvard Institutes of Medicine, Boston, Massachusetts 02115 [S. K. K.. P. Aâ€žC. L Râ€ž
S. W. LI, and Derald H. Ruttenberg Cancer Center, Mount Sinai School of Medicine, New York. New York 10029 [M. M. S.. S. A. A.]

ABSTRACT

Through a differential screening technique, we have identified a cDNA
clone with differential expression in normal versus tumor cells. This clone,
designated rit42 (reduced in tumor, 42 kDa), was previously isolated as a
homocysteine-inducible gene in human endothelial cells (RTF), and the
same or a highly related androgen-responsive gene in mouse has also been

identified. Both Northern blot analysis and in situ hybridization demon
strated a significantly diminished expression in tumor cells, including
those derived from breast and prostate when compared with normal cells.
It was shown that RTP/rit42 mRNA cycles with cell division, peaking at
G, and G2-M, with lower expression in S phase. The biphasic expression

of RTP/rit42 mRNA was absent in tumor cells. Introduction of rit42 cDNA
into human cancer cells reduced cell growth both in vitro and in nude
mice. Moreover, analysis of a tetracycline-regulated p53-inducible system
in null-p53 cell lines showed that RTP/rit42 mRNA expression increased

concomitantly with p53 expression and followed a similar time course. In
addition, DNA-damaging agents induced RTP/rit42 expression in a p53-
dependent manner but independent of a p53-mediated G, arrest, linniu-
nofluorescence analysis of a FLAG epitope-tagged RTP/rit42 protein

revealed a cytoplasmic localization pattern with redistribution to the
nucleus upon DNA damage. We have localized RTP/rit42 to human chro
mosome 8q24.3. Taken together, these results are consistent with a growth
inhibitory role for RTP/rit42, and its down-regulation may contribute to

the tumor malignant phenotype.

INTRODUCTION

A comprehensive understanding of the process of tumorigenesis
requires analyses of genes that are differentially expressed between
normal and cancer cells in humans (1, 2). Genes with altered
expression may facilitate initiation of a tumor and/or contribute to
its progression and represent the dysregulation of numerous normal
cellular functions that prevent neoplastic transformation. Expres
sion genetics approaches (e.g., DD-PCR,3 serial analysis of gene

expression) provide a powerful tool to identify the genes that may
not be mutated but display different expression patterns in normal
versus neoplastic cells (1). These differentially expressed genes
may function in key cellular processes, such as response to DNA
damage and cell cycle control, that underlie the different pheno-
types of normal and cancer cells. A prominent effector of cell cycle
regulation is p53, a transcription factor with tumor suppressor
function (3, 4). p53 activity has been linked to cell cycle arrest at
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G, and G2, serving as checkpoints to assess genomic integrity (5).
Although p53 is capable of direct signaling (6), many of its effects
are mediated through other p53-responsive genes such as p2l,
mdm.2, GADD45, Box, IGF-BP3, and recently, KILLER/DR5 (7).
For instance, growth inhibition by p53 in response to DNA-
damaging agents is partly mediated by transcriptional activation of
p2jWAFi/cipi whjch binds to and inactivates the cyclin-dependent

kinases required for cell cycle progression (8-10). In fact, p21 is
necessary for p53-mediated G, arrest in human cancer cells be
cause it was shown that the G, arrest was completely abolished in
p21-deficient p53 wild-type cells (11). Therefore, it is not surpris
ing that the p53 gene is mutated in a diverse array of human
tumors, leading to inactivation of the p53-target genes and to
abrogation of tumor suppression. Given the complexity of p53-
mediated pathways, identification of other p53-responsive genes
with differential expression in normal and tumor cells should
strengthen our understanding of the mechanisms of cell cycle
control and tumor suppression.

Here, we identified, localized and characterized a p53-responsive
gene with antiproliferative properties. This gene, designated rit42, is
expressed in normal cells, and is regulated in a cell cycle-dependent
manner. Its expression is also induced by DNA-damaging agents.
However, its expression is significantly reduced in a variety of tumor
cell lines, as well as in breast and prostate tumor specimens. There
fore, RTP/rit42 may function in control of cell proliferation in a
p53-dependent manner.

MATERIALS AND METHODS

DD-PCR and cDNA Library Screening. The quality of total RNA was
tested by Northern blot analysis before reverse transcription. DD-PCR was
performed using the RNAimage Kit 1 according to manufacturer's protocol

(GenHunter). The cDNA products were amplified by the PCR using H-AP3 5'
primer (5'-AAGCTTTGGTCAG-3') and H-T,,C 3' primer. The band of

interest was isolated, PCR-reamplified using the same primers as above,
cloned into pGEM-T vector (Promega). and sequenced by the dideoxynucle-
otide chain termination method with Sequenase (USB, Inc.). This partial-
length clone was labeled with '"P and used as a probe to obtain the full-length

clone by screening a cDNA library prepared from normal mammary epithelial
cells (12). The longest cDNA clone (~3 kb) was further characterized.

Cell Culture, Transfection, and Synchronization. Human normal mam
mary epithelial cells were isolated from reduction mammoplasty tissues as
described (13). Human cancer cells and an immortalized cell line (184B5) were
obtained from the American Type Culture Collection (Rockville, MD). All
cells were maintained in DFCI-1 complete medium (13) or in DMEM con

taining 10% fetal bovine serum. The RTP/rit42 cDNA was introduced into a
eukaryotic expression plasmid, pcDNA3 (Invitrogen), and used for transfec-

tion experiments. A total of 3 fig of DNA and 15 /il/dish lipofectin (Life
Technologies, Inc.) were used for transfections, which were done according to
the manufacturer's protocol. For stable transfection experiments, G4I8 (0.8

mg/ml) selection began 48 h after transfection. Synchronization by lovastatin
treatment and growth factor deprivation were performed as described (14. 15).
DNA synthesis rate was measured by [3H]thymidine incorporation.

In Vivo Tumorigenicity. Tumorigenicity of vector control- and pcDNA3-
RTP/rit42-transfected EJ cells (bladder carcinoma cells) was assessed by mean

tumor weight 4 weeks after s.c. injection into left and right flanks of athymic
Ncr nude mice (Taconic. NY). A total of 2 X IO6 cells/mouse was injected at
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two different sites to increase sample number and to reduce variation in sample
size. Six mice were injected with each clone.

Growth Curves and Soft-Agar Clonogenic Assay. Stable transfectants or
control cells (IO4 cells each) were plated in 35-mm tissue culture dishes in
triplicate and incubated at 37Â°Cfor 9 days. Every other day, one set of culture

dishes was trypsini/ed, and the cell numbers per dish were counted using a
hemocytometer. For soft-agar assays, cells were plated at a density of 1 x IO4

in 35-mm tissue culture plates containing 0.33% top low-melt agarose/0.6%
bottom low-melt agarose. After the first 4 days, cells were fed every 3 days.

Foci or colonies were counted and measured after 2 weeks.
Cell Treatments. Cells were seeded 24 h prior to treatment and were

50-70% confluent at the time of treatment. Cells were treated with doxoru-

bicin (0.25 fig/ml), actinomycin D (10 ng/ml), or mitomycin C (10 fig/ml) at
their respective concentrations in DMEM. After the indicated times, total RNA
was extracted using the guanidinium isothiocyanate method and was analyzed
by Northern blot.

Breast and Prostate Tissue Specimens and in Situ Hybridization. All
breast and prostate clinical specimens were provided by the Cooperative
Human Tissue Network. Eastern Division. In situ hybridization was performed
on formaldehyde-fixed, paraffin-embedded tissues basically as described (16).
Briefly, 5-/Â¿msections, which were deparaffmed and hydrated, were incubated
with proteinase K and hybridized overnight at 55Â°Cwith <5S-labeled sense or

antisense RNA transcripts. The transcripts were synthesized using either T3 or
T7 polymerases from plasmid DNA templates digested with appropriate re
striction enzymes. Hybridization was followed by RNase treatment and wash
ing (2X SSC, 50% formamide, at 55Â°Cfor 2 h). Signal was detected by

autoradiography with NTB2 emulsion (Kodak) for 2-4 weeks.
Construction of Mammalian Expression Vector of rit42-FLAG. An

8-amino acid FLAG epitope tag was introduced at the COOH terminus of the
human RTP/rit42 in pcDNA3 (Invitrogen) by the PCR using GCCCTCG-
GCTAGCATGACCC as the internal 5' primer and CACGCTCGAGCTACT-
TGTCATCGTCGTCCTTGTAGTCGCAGGAGACCTCCATGGAC as the 3'

primer. The 275 PCR fragment was then exchanged with the native COOH-

terminal RTP/rit42 sequence by digestion and ligation at the flanking Nhel/
Xho\ sites.

Cell Staining. Bladder carcinoma cells (EJ) were plated on glass coverslips
in 60-mm plates at 1.2 x IO5 cells/plate and transfected with rit42-FLAG/

pcDNA3 vector as described above. For mitomycin treatment, 48 h after
transfection, cells were stimulated with fresh medium plus 10 /xg/ml MMC for
5 h at 37Â°Cor fresh medium alone as control. Staining was as follows. Cells

on coverslip were fixed and permeabilized with 2% paraformaldehyde/PBS
plus 0.05% saponin for 15 min at room temperature and then blocked in 0.1%
Tween 20/PBS (PBST) containing 10% heat-inactivated goat serum and 3%

nonfat dry milk for 30 min. The cells were incubated with M2 monoclonal
anti-FLAG antibody (20 fig/ml; Kodak IBI) or nonspecific mouse IgG (20

fig/ml) diluted in 0.1% nonfat milk/PBST for 1.5 h at room temperature and
stained with rhodamine-conjugated goat-anti-mouse Ab (1:100; Pierce) for 1 h.

Fluorescence was observed with a Zeiss Axioskop I photomicroscope
equipped with epifluorescence.

Fluorescence in Situ Hybridization. Purified RTP/rit42 genomic clone
was labeled with digoxigenin dUTP by nick translation (Genome Systems).
Labeled DNA was combined with sheared human DNA and hybridized to
normal metaphase chromosomes in a solution containing 50% formamide.
10% dextran sulfate, and 2X SSC. Specific hybridization signals were detected
with fluoresceinated (FITC) anti-digoxyigenin antibodies followed by 4',6-

diamidinao-2-phenylindole counterstaining. A total of 80 metaphase cells were

analyzed.

RESULTS AND DISCUSSION

The transformation of a cell from a normal to a malignant state is
paralleled by changes in its gene expression profile (1,2). Identifying
the differentially expressed genes and understanding their significance
may elucidate the biological processes that drive the development of
cancer (I). Using the DD-PCR technique (17, 18) to survey differen

tially expressed clones in human mammary normal and tumor cells,
we isolated a 310-bp cDNA fragment with higher abundance in

normal compared with cancer cells. This fragment was then used as a

probe to clone the human rit42 cDNA from a normal human mam
mary cDNA library. Sequence comparison of the putative open read
ing frame with genes in the GenBank data system revealed a 100%
sequence match to the RTF (19). RTF was recently cloned as a
homocysteine-respondent gene in vascular endothelial cells and was

shown to be expressed in multiple tissues including heart, brain,
placenta, and kidney (19). However, no functional analysis of possible
RTP/rit42 roles has been published. In addition, the RTP/rit42-pre-
dicted protein sequence was highly homologous (90-95%) to the

mouse protein TDD5 (20). TDD5 was also identified recently as an
early-responsive androgen target gene that is differentially repressed

by testosterone and dihydrotestosterone. The RTP/rit42 protein con
tains in its COOH-terminal region a novel 10-amino acid motif,

GTRSRHTSE, which is tandemly repeated three times, and a consen
sus sequence (residues 128-143) for a phosphopantetheine attach

ment site.
RTP/rit42 Expression Pattern in Vitro and in Human Tissue

Specimens. Comparison of RTP/rit42 mRNA levels in a variety of
human normal and tumor cell lines revealed that RTP/rit42 mRNA
expression was significantly diminished in tumor cell lines, including
those derived from breast, prostate, and colon cancers, when com
pared with the normal cells (Fig. 1A). To assess for possible differ
ential RTP/rit42 expression in vivo, we examined its expression in
breast and prostate tumors versus their matched adjacent normal
tissues in 10 different specimens by in situ hybridization (Fig. IÃŸ).
The pattern of expression of RTP/rit42 mRNA in normal tissues was
restricted to cells of epithelial origin. Specifically, RTP/rit42 mRNA
was detected in the ducts of normal breast, as well as in the glandular
components of normal prostate. In contrast, in the adjacent tumor
tissues, which had lost their normal architecture, no expression of
RTP/rit42 was detected. Collectively, the RTP/rit42 mRNA expres
sion pattern indicated that its diminished expression correlated
strongly with the tumorigenic phenotype.

Cell Cycle-dependent Expression of RTP/rit42 in Normal Cells

and Its Dysregulation in Tumor Cells. To gain more insight into its
possible function(s), we compared RTP/rit42 mRNA expression
throughout the cell cycle in normal and cancer cells. Normal human
mammary epithelial cells (15N) and a tumor cell line (MDAMB435),
which exhibited lower but detectable RTP/rit42 mRNA expression,
were synchronized by lovastatin (19, 20). Synchrony of the cells was
monitored by ['H]thymidine incorporation and histone H4 expression,

a marker of cell proliferation. Northern blot analysis revealed that
RTP/rit42 mRNA expression in normal cells was biphasic, i.e.. RTF/
rit42 expression peaked at G, and G2-M phases of the cell cycle with

lower levels in S phase (Fig. 2). The biphasic expression of RTP/rit42
was also seen in normal mammary epithelial cells that were synchro
nized by growth factor deprivation (14, 15). In MDAMB435 breast
tumor cells, the biphasic expression of RTP/rit42 mRNA was absent;
instead, there was a consistent level of expression throughout the cell
cycle (Fig. 2). Thus, RTP/rit42 expression was both reduced and its
cell cycle regulation significantly altered in these tumor cells.

Growth-inhibitory Effects of RTP/rit42 in Cancer Cells. To test

whether RTP/rit42 reexpression could partially restore a normal phe
notype, a mammalian expression vector containing human RTP/rit42
cDNA driven by a cytomegalovirus promoter was transfected into
MCF7 and EJ tumor cells. Expression of exogenous RTP/rit42, which
was confirmed by Northern blot (data not shown), decreased the
proliferation rate of MCF7 and EJ tumor cells by as much as 70%
(Fig. 3/4). Moreover, these transfected cells formed smaller colonies
than control cells in soft agarose, suggesting that RTP/rit42 expression
reduced the in vitro tumorigenicity (Fig. 3B). When injected s.c. into
nude mice, the same RTP/rit42-transfected EJ cells used for the in

vitro studies formed statistically significant (P < 0.005) smaller
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Fig. 1. RTP/rit42 mRNA expression in vitro and in vivo. Total RNA (20-25 Â¿ig),isolated from exponentially growing cells, was hybridized to a Ã¯2P-!abeledRTP/rit42 probe. 36B4

is a loading control. A, top panel. RTP/rit42 mRNA expression pattern in a variety of human normal and tumor cells. Lanes 1-3, RNA from human normal cells. Lane I. mammary
epithelial cells: Lane 2, bladder epithelial cells; Lane 3, epidermal keratinocytes. Lanes 4-11, RNA from human tumor cells. Lane 4, neuroblastoma (SK-M-MC); Lane 5, HeLa cells
(S3); Lane 6, lymphoma (Jurkat E6); Lane 7, renal carcinoma (293); Lane 8, small cell lung carcinoma (H747); Lane 9, melanoma (SK-MEL5); Lane 10, osteosarcoma (HOS); Lane
II, colon carcinoma (HT29). Middle panel, RTP/rit42 expression in human normal and tumor mammary epithelial cells. Lane 1, normal cells; Lane 2. immortalized cells 184B5; Lane
3, MCF\0: Lane 4. MCF7; Lane 5, ZR75-I; Lane 6. BT20: Lane 7, SKBR3; Lane 8, T47D; Lane 9. MDAMB435; Lane 10. MDAMB231 ; Lane 11. 21 NT. Bottom panel. RTP/rit42
expression in human normal and tumor prostate epithelial cells. Lane 1, normal cells; Lane 2, SV40 transformed; Lane 3, LNCaP; Lane 4. DU145; Lane 5, NDI. B, dark-field
photomicrographs of paraffin-embedded breast and prostate tissue sections after hybridization with 35S-labeled sense and antisense RTP/rit42 transcripts. Normal and tumor specimens

are from the same person.

tumors compared with the control EJ tumor cells. The mean tumor
weight was 23.7 Â±6.6 mg for transfected cells and 203.2 Â±14.7 mg
for control cells. Together, these results suggest a growth-inhibitory
role for RTP/rit42.

p53 Induces RTP/rit42 Expression. p53 is a transcriptionfactor
that directly induces the expression of several other known genes
which, in part, carry out the p53-mediated functions in the cell (4).
These functions include, among other cellular processes, G, growth
arrest and control of G2-M transition (4). Because RTP/rit42 mRNA
expression exhibited the highest levels in G, and G2-M phases of the
cell cycle, we examined whether wild-type p53 can induce RTP/rit42
gene expression using a tetracycline-regulated p53-inducible system
as described previously (21). In this system, which uses stable trans-
fectants of EJ cells (null p53), p53 expression is driven by a tetracy-
cline-repressible promoter. Removal of tetracycline allows for p53
expression after 24 h with a subsequent peak at 48 h (Fig. 4A).
Northern blot analysis showed that RTP/rit42 mRNA expression
increased concomitantly with p53 expression and followed a similar
time course. Moreover, these changes in the levels of RTP/rit42
mRNA were specific to the p53 vector-containing cells. Similar
results were obtained using another tetracycline-regulated p53-induc-
ible system in Saos2 cells (Ref. 22; Fig. 4A). In addition, similar
p53-dependent expression of RTP/rit42 was observed in a murine cell
line (BALB/c) with a temperature-sensitive p53 protein (tsp53; Ref.
3). Culture of these cells at the permissive temperature led to RTF/
rit42 overexpression in tsp53 mutants but not in the wild-type cells
(Fig. 4B). We also compared the expression of RTP/rit42 in kidney of
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wild-type and p53â€”/â€”mice because the kidney showed the highest

expression of this gene (20). Expression of RTP/rit42 was signifi
cantly reduced in p53-/â€” mice compared with the wild-type. These

data suggest that p53 function is required to maintain normal physi
ological expression of RTP/rit42. However, to establish whether p53
induces RTP/rit42 expression directly or through other effector mech
anisms, promoter studies are needed to assess the ability of sequences
within the RTP/rit42 promoter to mediate p53-dependent transcrip
tion. Moreover, because the expression of RTP/rit42 is not totally
abrogated in p53â€”/â€”mice, other mechanisms perhaps exist that
maintain expression of this gene in vivo. In fact, p53-independent
expression of other p53-target genes such as p21 has been reported
(23).

Induction of RTP/rit42 Expression by DNA-damaging Agents.
It is now well-established that p53 becomes activated following DNA
damage, leading to transcriptional activation of its target genes such as
p21. Because RTP/rit42 expression was induced by p53 in the p53-EJ
cells, we explored the possibility that DNA damage may induce
RTP/rit42 in a p53-dependent manner. Initially, normal and cancer
human mammary cells were treated with MMC (10 jig/ml) or acti-
nomycin D (10 ng/ml). In normal and MCF7 tumor cells, which
contain wild-type p53, RTP/rit42 expression was induced in response
to DNA damage after 12h. In contrast, RTP/rit42 expression in T47D,
which contain mutated p53, remained at basal levels, and no induction
was seen regardless of treatment with MMC or actinomycin D (Fig.
5/4).Similarly, EJ bladder carcinoma cells (null p53) did not show any
RTP/rit42 induction after DNA damage (data not shown). In addition,
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Fig. 2. Cell cycle and p53-dependent expression of RTP/rit42. Cell cycle expression of
RTP/ril42 niRNA in human normal ( 15N) and tumor (MDAMB435) mammary epithelial
cells that were synchronized by treatment with lovastatin. Normal cells synchronized by
growth factor deprivation show similar expression profile. Cell cycle progression was
monitored by histone H4 expression and ['Hjthymidine incorporation. 36B4 is a loading

control. Note that normal cells show a biphasic expression of RTP/rit42 with higher levels
in G| and G>-M and lower levels in S phase. In contrast, in tumor cells the biphasie
expression is absent (longer exposure).

several colon carcinoma cell lines that were previously well charac
terized (11, 24) were treated with doxorubicin (0.25 pig/ml) or acti-

nomycin D ( 10 ng/ml) and were analyzed for RTP/rit42 expression by
Northern blot. In the colorectal cancer cell line HCT116 (p53+/+,
p21+/+) and its genetically engineered derivative, HCT80S4
(p53+/+, p21-/-), RTP/rit42 expression was induced after 12 h of

treatment with DNA-damaging agents and was sustained for at least

48 h. In contrast, in DLD1 cells, which, unlike HCT cells, contain
naturally mutated p53 and do not express p21 following DNA damage
(11), minimal induction of RTP/rit42 mRNA was detected (Fig. 5B).
These data support the hypothesis that induction of RTP/rit42 mRNA
by DNA damage is dependent on transcriptional activity of p53
because no significant induction is detected in cells with mutated p53
(DLD1. T47D, and EJ) as compared with cells with wild-type p53

(HCT116, MCF7, and 15N). Moreover, this induction is not depend
ent on p53-mediated G, arrest because p21â€”/â€”HCT80S4 cells do

not arrest at G, after DNA damage and p53 induction (11, 24).
Subcellular Localization of RTP/rit42. To further investigate its

functions, we generated a COOH-terminal FLAG-epitope tagged

RTP/rit42 protein. Western blot of total cell protein from transiently
transfected EJ cells using anti FLAG-epitope tag monoclonal antibody

showed a single band at Mr 42,000 (Fig. 6A). Immunofluorescence
staining of the same cells transfected with RTP/rit42-FLAG revealed

a punctate pattern in the cytoplasm (Fig. 6, B and Q. Of note, upon
exposure to MMC (10 jug/ml for 5 h), which induces DNA damage,
RTP/rit42 protein staining shifted predominantly to the nucleus, al
though the known RTP/rit42 sequence lacks any nuclear localization

signal (Fig. 6D). However, some cytoplasmic staining was still pres
ent. Other proteins such as MEK1 (25), ERK1, and ERK2 (26) have
also been shown to translocate to the nucleus in response to exoge
nous stimuli. The significance of RTP/rit42 translocation from the
cytoplasm to the nucleus upon DNA damage remains to be estab
lished.

Localization of the RTP/rit42 Gene to Chromosome 8q24.3.
Using fluorescence in situ hybridization, we localized the RTP/rit42
gene to human chromosome 8q24.3, a locus downstream of c-myc

(Fig. 7). Recurrent amplification of this region of the genome has been
reported in breast carcinomas (27), as well as in high-grade ovarian
tumors (28). 8q24.3 is also a common integration site for the papil-

lomavirus DNA (29, 30), and a tumor suppressor gene, EXT1. has
been mapped to this region as well (31). Thus, both oncogenes and
tumor suppressor genes have been localized to this same chromo
somal region. However, it is not yet known whether RTP/rit42 is itself
a direct target for gene inactivation in tumor cells. Our findings

S21 S27 S14

Fig. 3. Growth inhibition by RTP/rit42. The human cancer cell lines MCF7 (breast) and
EJ (bladderl were transfected with RTP/rit42 cDNA or control eukaryotic expression
vector (pcDNA3) alone. A. growth rates of RTP/rit42-transfected cells S9, S21, S27
(MCF7). and SI4 (EJ) versus control-transfected cells. Cl. C3. C6 (MCF7). and C2 (EJ).
B, anchorage-independent growth in soft agarose for 2 weeks. C, control (vector only). 5.

sense RTP/rit42 cDNA.
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Fig. 4. p53-dependent expression of RTP/rit42 in tetracycline-regulated p53-inducible
systems. A, removal of tetracycline induces RTP/rit42 mRNA expression in FJ + p53 or
Saos2 + p53 cells but not in control cells. Expressions of p2! and mdm2. two known
p53-inducible genes, are shown as positive controls. B, p53-dependent expression of
RTP/rit42 in BALB/c murine cells that carry a temperature-sensitive p53 mutant (tsp53}.
Culture of tsp53 and control cells at the permissive temperature (32Â°C)induces RTP/rit42

expression in tsp53 mutants but not in the wild-type p53-expressing cells, both of which
have low expression of RTP/rit42 at 37Â°C.C, comparison of RTP/rit42 expression in the
kidney of wild-type versus p53 â€”¿�/â€”mice. Total RNA was extracted from the whole organ
and subjected to Northern analysis using a '2P-labeled human RTP/rit42 cDNA as probe.

indicate that p53 exerts control over RTP/rit42 expression with kinet
ics consistent with p53 itself being a transcriptional activator. Thus,
the absence or reduced expression of RTP/rit42 in many tumors and
tumor cell lines may be linked to the very frequent loss of p53
function in tumors (32).

Our evidence that exogenous RTP/rit42 expression causes growth
suppression in tumor cells as well as our demonstrations of normal
cell cycle regulation of RTP/rit42 and its dysregulation in tumor cells,
plus the fact that induction of RTP/rit42 expression after DNA dam
age is p53 dependent, are consistent with its action as a possible
mediator of p53 growth-inhibitory functions. The evidence that a
mouse homologue, TDD5, is rapidly down-regulated in response to
androgen stimulation may also be related to the growth-inhibitory role

of RTP/rit42 (20). Although the mechanism of growth inhibition in
tumor cells by RTP/rit42 is unknown, it may not involve a G, arrest

because the p21 â€”¿�/â€”HCT80S4 cells predominantly arrest at a G2-like

state in response to DNA damage despite expression of RTP/rit42
(11). In fact, these cells, while arrested in G2, undergo additional
rounds of DNA synthesis without intervening normal mitoses (24).
Recent data have shown that the 14-3-3 cr protein, a member of 14-3-3

15 N MCF7 T47D
treatment

rit42

18S

B HCT116 HCT80S4
(p53+/+, p21+/+) (p53+/+, [

treatment ~~Â¡j^ ^j~

hrs

rit42 Â«MÂ»Â«NV

DLD1
(mut p53)

Fig. 5. Induction of RTP/rit42 by DNA damage. Cells were seeded 24 h before
treatment at 50-70% confluency and were treated with the indicated agenis for 12-48 h.

After treatment, total RNA was isolated and analyzed by Northern blotting. RTP/rit42
expression in response to DNA damage in normal and tumor mammary epithelial cells
treated with mitomycin C (IO /ig/ml) or actinomycin D (10 ng/ml) (A] and colorectal cell
lines treated with doxorubicin (0.25 fig/ml) (B). MCF7 cells, like normal cells, contain
wild-type p53, but T47D cells contain mutated p53.

82-

Fig. 6. Cellular localization of RTP/rit42. A, Western blotting of control and RTP/
rit42-FLAG-transfected cell lysates revealed a single band at M, 42.000. B-D, EJ cells
transfected with a eukaryotic expression vector containing a FLAG epitope-tagged RTP/
rit42 were left untreated or treated with 10 ng/ml of MMC for 5 h. After 48-60 h. the
cells were stained with nonspecific mouse IgG (control; B) or anti-FLAG M2 monoclonal
antibody (C and D) and visualized by fluorescent microscopy (Zeiss Axioskop I pho-

tomicroscope).
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RTP/I-U42. A p53-RESPONSiVE GENE. INHIBITS TUMOR GROWTH

Fig. 7. Fluorescence in sitit hybridization of a RTP/rit42 genomic probe to normal
human melaphase chromosomes. Arrows, localization of RTP/rit42 on chromosome
8q24.3.

family of proteins originally identified in differentiating epithelial
cells, may mediate this G2 arrest without affecting the DNA synthetic
phase of the cell cycle (33). Whether RTP/rit42 acts similarly to
inhibit growth via a G-,-like state remains to be established. Further

more, several lines of evidence indicate that activation of oncogenes
such as Ras, Src, or Rafean influence p53-mediated growth arrest or

apoptosis by blocking the apoptotic pathway (34). Therefore, expres
sion of an activated Ras oncogene in EJ cells may contribute to a
growth arrest phenotype induced by ectopie p53 expression (21).
These data suggest that RTP/rit42 may act similarly on a growth arrest
pathway, rather than being a mediator of apoptosis. In addition,
because exogenous expression of RTP/rit42 as well as its induction
after DNA damage do not cause immediate cell death, it is unlikely
that RTP/rit42 plays a role in p53-mediated apoptosis. Finally, the loss

of RTP/rit42 expression in cancers such as breast and prostate may
prove to be an important prognostic marker for tumor initiation and/or
progression.
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